Abstract. In this paper, we predict the next cycle's activity and improve the timing of solar cycle predictions. Dynamobased solar activity prediction techniques rely upon two properties inherent in the solar cycle: that solar magnetism oscillates between poloidal and toroidal components; and that there is a degree of "magnetic persistence" in dynamos, which in the case of the Sun, results in the dependence of many magnetic related quantities (activity related quantities) upon the amount of magnetism embedded below the Sun's surface. Using the SODA (SOlar Dynamo Amplitude) index as a measure of magnetic persistence, we predict that solar cycle # 23 will reach a mean smoothed F10.7 peak of 182 + 30 solar flux units (sfu) and a mean sunspot number Rz of 138 + 30. This is particularly intriguing because the "folklore" is that odd cycles are larger than the preceding even cycle. Additionally, by tracking the equatorward march of solar activity, the timing of the cycle can be better estimated. From this, we estimate that the next solar maximum will occur near May, 2000 +9 months.
Introduction
In recent times, a number of researchers have been carrying out quite accurate solar activity predictions using "precursor methods". In these methods, it is found that various geomagnetic indices at the minimum phase of an activity cycle are highly correlaied with the magnitude of the ensuing maximum. Two decades ago, we (Schatten, et al., 1978) suggested a physical basis (dynamo theory) for these precursor methods. Essentially, the correlation arises because the geomagnetic indices reflect the magnitude of the poloidal field, which at activity minimum is the dominant component of solar magnetism. The dynamo theory in addition suggests that during a cycle, solar magnetism oscillates between poloidal and toroidal components, with a net field magnification occurring during the poloidal to toroidal transition.
From this behavior, we also suggest that the sum of appropriately weighed poloidal and toroidal components persist throughout the cycle, and to a lesser extent, from cycle to cycle. This allows us to forecast future maxima without having to wait until the previous minimum is reached, and to some extent, even from an earlier cycle.
A proceedings on Solar Activity Predictions (Hruska, et al., 1992) provides new work in this area. We briefly review some of the history: Geomagnetic precursor methods started with the Russian astrophysicist Ohl (1966 Ohl ( , 1979 ) and the British astrophysicists Brown and Williams (1969) . These scientists noticed that fluctuations in the Earth's magnetic field (geomagnetic activity) could be used to predict solar activity.
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Although the correlations were statistically significant, there was no obvious physical mechanism that could explain how variations in terrestrial magnetism could influence future solar behavior. Thus the relations were enigmatic -solar activity seemed to be correlated with past levels of geomagnetic activity. This was puzzling for two related reasons: 1) the Sun should drive terrestrial magnetic activity, not vice-versa, and 2) the solar signal should precede the Earth's response, not follow it! We provide an explanation for their findings. Following this discussion, we predict the timing and size of the next cycle. Lastly, we provide a new method to improve the next cycle's timing and use our basic dynamo technique for the amplitude.
Dynamo Explanation for Precursor

Methods
Our current understanding of the physical cause for the correlation between geomagnetic fluctuations and future solar activity is associated with the following phenomena: 1) that solar magnetism oscillates between poloidal and toroidal components; and 2) that there is a degree of "magnetic persistence" in dynamos, which in the case of the Sun results in the dependence of many magnetic related quantities (activity related quantities) upon the amount of magnetism embedded below the Sun's surface. The "size of the cycle" is the familiar indicator of the magnetic persistence associated with a cycle. We hypothesize that the magnetic persistence remains relatively constant throughout a cycle, but may show secular changes, particularly from one cycle to the next. This appears consistent with the persistence associated with solar minimum periods (e.g. the Maunder Minimum), and in general with the "Gleissberg cycle." Additionally, we note that the Sun's toroidal fields result from the amplification of preexisting poloidal fields, and that the terrestrial linkage occurs because (see Schatten and Pesnell, 1993) at solar minimum the Sun's polar fields are swept past the Earth. The strength of geomagnetic storms may then be related to the strength of the "southward component" of the interplanetary magnetic field, governed primarily by the strength of the Sun's polar fields (see Hoeksema, 1992 Hoeksema, , 1994 .
To support and test the dynamo explanation, we first tested the dynamo method with 8 prior solar cycles. Subsequently, we have been able to correctly predict, several years in advance, the magnitude of solar cycles 21 and 22 (see Schatten et al., 1978; and Schatten and Sofia, 1987) . The smoothed peak for the 10.7 cm radio flux (F10.7) was predicted to be 210 q-25 solar flux units (sfu) in solar cycle 22. This prediction was made and published in early 1987, prior to a dramatic increase in solar activity. The cycle, in fact, peaked with a value in F10.7 of 213 sfu, an agreement that is perhaps fortuitously outstanding. We have recently (Schatten and Pesnell, 1993) expanded the capability of the dynamo method, based upon the persistence effects of solar fields to allow the method to be employed somewhat earlier. Because the required information does not exist for earlier cycles, however, this technique cannot be fully tested to the same degree as the earlier method.
We would gain confidence in the new scheme if it also turns out to make an accurate prediction for cycle 23.
Solar Activity Timing: Latitude Period
The current method of timing the solar cycle is to look for the maximum number of sunspots that are seen in the sun's photosphere and to choose this time as a demarcation point.
The choice is obvious, since most users are interested precisely in this time, when solar-terrestrial effects are largest. The problem with this method is that, due to the stochastic nature of solar activity centers, periods between solar maxima (and minima) vary greatly from cycle to cycle, and sometimes they do not even have a well-defined unique value, such as in the case of cycle 22, which had two distinct peaks approximately two years apart.
We investigate whether there is a better defined underlying clock to time the evolution of the cycle, on top of which the stochastic active regions superpose their influences and thereby affect the precise instant of maximum sunspot number. With this method, we shall see that although the prediction of the exact next maximum remains somewhat uncertain due to the stochastic nature of active regions; an the improved clock may provide a more precise idea of the timing of the underlying cycle and remove the uncertainty associated with when to start counting (the phasing of the cycle).
The specific phenomenon that we examine is the gradual migration of the appearance of sunspot groups from high latitudes to lower latitudes as the solar cycle progresses (Waldmeier, 1939) . 
Prediction of the Amplitude
Before discussing the amplitude prediction, let us consider the role of the persistence of magnetic flux, which is helpful in understanding the basis of the techniques. Consider a swinging pendulum, which may have some forces acting on it. If one were asked to predict the amplitude of the next swing, and one just measured it at its peak, without knowledge of the added forces, the best estimate would likely be the last amplitude. If one were near the low point in its path, one would likely use At solar maximum, the SODA index will simply use the maximum activity level in F10.7 to predict future levels. Between solar maximum and solar minimum, the polar field will become increasingly important in estimating future activity levels, and at solar m'mimum, it will use the polar field data alone. Thus, to predict any future level, we use the most recent estimate of the SODA index from equation (2) 
Summary
This solar activity prediction technique is based upon two apparent phenomena inherent in the solar cycle:l) that solar magnetism oscillates between poloidal and toroidal components; and 2) that there is a degree of "magnetic persistence" in dynamos, which in the case of the Sun results in the dependence of many magnetic related quantities (activity related quantities) upon the amount of magnetism embedded below the Sun's surface.
Using the SODA (solar dynamo amplitude) index, we predict the peak for the next sunspot cycle will reach is a mean smoothed F10.7 peak of 182 _+ 30 solar flux units (sfu) and a
